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CASE REPORT
Malpositioned olecranon fracture 
tension-band wiring results in proximal 
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Abstract 
Background: Tension-band wiring (TBW) is a well-established fixation technique for two-part, transverse fracture 
types of the olecranon. However, complication rates up to 80 % are reported. By reporting on the enormous impact 
on the patient if failed the aim of the present report was to emphasize the importance of correct K wire positioning in 
TBW.
Case presentation: We present the case of a 49-year-old woman who suffered from a radioulnar synostosis of the 
forearm due to malpositioned K wires after TBW treatment. The patient was treated by heterotopic bone resection 
supported by ossification prophylaxis (radiotherapy and Indomethacin). At follow-up of 12 months after revision 
surgery, elbow motion was unrestricted with a strength grade 5/5. The patient was free of pain and reported no 
restrictions in daily as well as sporting activities. Radiologic assessment showed no recurrence of heterotopic bone 
tissue.
Conclusion: Intraoperative radiographic and clinical examination of the elbow is highly recommended to identify 
incorrect hardware positioning and, therefore, to avoid serious postoperative complications in TBW.
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Background
Isolated olecranon fractures are the most common frac-
tures of the proximal ulna and account for 10 % of upper 
extremity fractures. The direct fall onto the elbow is the 
main injury pattern [1, 2]. Surgical treatment depends on 
the grade of fracture dislocation and the number of bony 
fragments [3]. Tension-band wiring (TBW) is a well-
established fixation technique for two-part, transverse 
fracture types of the olecranon with sufficient bone qual-
ity [3, 4]. Even though TBW is often considered as an easy 
and convenient surgical procedure, several imperfections 
are described in the current literature and complication 
rates up to 80 % are reported [5–8]. Proximal migration 
of Kirschner (K) wires followed by the necessity of early 
hardware removal is the most frequent complication in 
case K wires are inserted into the medullary canal of the 
distal ulna fragment [5]. To avoid this complication, the 
modified technique involving the transcortical K wire 
placement through the anterior cortex of the ulna has 
been introduced [9, 10]. Nevertheless, extensive hard-
ware protrusion through the anterior ulnar cortex may 
result in nerve and/or vascular injuries, impaired range of 
elbow motion and heterotopic ossification (HO) [11–15].
In the following case, we refer a proximal radioulnar 
synostosis (RUS) following TBW of a simple transverse 
olecranon fracture. To our research of the literature, 
there are just two articles on this topic, and only one of 
them reported about the therapeutic management of 
this severe complication [15, 16]. The purpose of the pre-
sent article is, therefore, to emphasize the importance 
of correct K wire insertion during the TBW procedure 
by reporting on the enormous impact on the patient if 
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failed. The surgical approach including pre- and postop-
erative measures is described in detail and discussed with 
reference to the current literature.
Case presentation
A 49-year-old woman sustained a two-part olecranon 
fracture (AO 21-B1, Mayo type IIA [17]) in her left elbow. 
She was consequently treated by open reduction and 
internal fixation using the transcortical TBW technique. 
Immediately after surgery the patient complained about 
persistent pain in her elbow, wrist and shoulder as well 
as strong difficulties to rotate the forearm during physi-
otherapy. Despite the reported complaints the patient 
was advised to intensify physiotherapy. Follow-up radio-
graphs 6  weeks postoperatively revealed not only union 
of the olecranon fracture, but also extensive protrusion of 
the K wires through the anterior ulnar cortex scratching 
the radial tuberosity (Fig.  1). Both K wires were conse-
quently removed in a second operation, but the tension-
band cerclage remained at its position. After K wires 
removal, the patient was encouraged again to enforce 
physiotherapy.
Three months after trauma, the patient was presented 
to our outpatient clinic due to a total block of supination 
and pronation with the forearm fixed in neutral position. 
The extension–flexion arc of the elbow was 0°–5°–110°. 
Wrist and shoulder examinations showed a free range of 
motion (ROM); pain or sensomotoric restrictions did not 
exist. Radiographs showed a massive synostosis between 
the radial tuberosity and the proximal ulna where previ-
ously the K wires had penetrated the anterior radial cor-
tex of the ulna (Fig. 2). Based on clinical and radiographic 
findings the resection of the synostotic bone was indi-
cated to restore forearm motion.
Two hours before revision surgery, a prophylactic radi-
otherapy (with a dosage of 7  Gy) focused on the proxi-
mal aspect of the forearm was performed to minimize 
the risk of synostotic recurrence [18, 19]. The previously 
used dorsal approach was reopened and the remaining 
cerclage wire was removed a priori. Next, the approach 
was extended distally and the supinator muscle was sub-
periosteally detached en bloc from the proximal ulna 
to expose the heterotopic bone formation (Fig.  3). We 
decided for that approach to protect the posterior inter-
osseous nerve (PIN) running through the supinator mass. 
The synostotic bone was first exposed from its proxi-
mal to its distal extent. Second, by subperiosteal prepa-
ration the heterotopic bone formation was dissected 
step-by-step to its radial extent at the radial tuberos-
ity. This preparation was mainly performed by chiseling 
along well attached to the bone. Thereby, it was carefully 
observed not to damage the distal biceps tendon that was 
immured by heterotopic bone. The synostosis was finally 
removed all in one. Subsequent intraoperative examina-
tion revealed full pronation and supination movements 
before closure. For rehabilitation, active and passive 
elbow exercises including immediate free forearm rota-
tion started under physiotherapist’s supervision the day 
after surgery. No splint or cast was applied. Indometha-
cin (50 mg 1–0–1 per day) was prescribed for 2 weeks for 
prophylaxis of ossification [20].
Ten weeks postoperatively the ROM of the elbow was 
0°–10°–140° for extension–flexion arc and 75°–0°–90° for 
pronation–supination arc. At final follow-up 12 months 
after surgery, the ROM was unrestricted when compared 
to the uninjured arm side (Fig.  4). Supination strength 
was also unlimited presenting grade 5/5 on both arms. 
The patient was free of pain and reported no restrictions 
in daily as well as sporting activities (swimming three 
times per week). Radiologic assessment showed no recur-
rence of heterotopic bone tissue.
Discussion and conclusion
TBW is often considered an easy-to-use operation tech-
nique to treat isolated simple olecranon fractures. Many 
authors showed good-to-excellent short- to long-term 
clinical outcomes [21–25], however, different complica-
tion rates were observed in the literature [1, 7, 11–16, 26, 
27].
However, the development of an RUS due to hardware 
protrusion was—to the best of our knowledge—reported 
in only two articles so far [15, 16]. Velkes et al. [15] pre-
sented two cases of RUS following the transcortical 
technique within 3  months after surgery. The authors 
supposed as mechanism that the RUS was induced by 
soft tissue trauma and bleeding resulting from the K 
wire protrusion into the interosseous membrane and 
Fig. 1 Malpositioned K wires after olecranon TBW. 3D computed 
tomography scans show the K wire placement within the radioulnar 
space at the radial tuberosity 6 weeks after initial surgery
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its surroundings. Consequently, secondary haematoma 
calcification was assumed for RUS development [28, 
29]. Because both fractures showed bony healing within 
6 weeks, a fracture-related mechanism for the RUS was 
not proposed by the authors. In contrast, De Carli et al. 
reported on a case of HO following transcortical malpo-
sitioned K wires abutting against the radial cortex [16].
In the present case, the synostotic bone formation also 
originated probably from the radius, particularly in that 
area where the K wires have been adjacent to the peri-
osteum. Even though the K wires were removed 6 weeks 
after index surgery, signs of HOs at the proximal radioul-
nar joint were already visible (Fig.  2). When compared 
to other reported cases of RUS, the development of HO 
in the present case was very fast (probably induced from 
K wire irritation during forearm rotation within the first 
6  weeks). We assume that the ongoing osseous erosion 
induced an inflammatory process with local release of 
growth factors (e.g., TGF-β) which contributes to the 
excessive bone proliferation process [30]. The reported 
persistent pain during physiotherapy might also be 
indicative for that suggestion. And additionally, soft tis-
sue trauma during physiotherapy (e.g., of the supinator 
muscle) might have played a role in HO synthesis [31].
Regarding the clinical outcome, De Carli et  al. [16] 
reported an excellent result after surgical removal of the 
synostosis and subsequent ossification prophylaxis with 
Indomethacin after 3  years of follow-up. Radiographs 
showed no signs of recurrence [16]. Similarly, with a 12 
month follow-up the present patient showed excellent 
functional results and no radiographic signs of recurrent 
ossification as well. Velkes et al. [15] did not report fur-
ther therapeutic measures because both patients declined 
revision.
The development of an RUS has been considered from 
soft tissue hematoma calcification by several authors [15, 
28]. In the context of the present case we do not confirm 
this theory. The HO resection procedure would have 
also caused perioperative hematoma but no evidence 
of recurrent ossification was seen in the postoperative 
course. To avoid synostotic recurrence, different meas-
ures are frequently discussed in the current literature. 
Fig. 2 Proximal radioulnar synostosis. a Massive radioulnar synostosis (white arrows) at the level of the radial tuberosity 3 months after initial sur-
gery. The olecranon fracture is healed while the cerclage wire remained in situ. b CT scans show the heterotopic ossification starting from the distal 
biceps tendon (white star) insertion to the ulnar cortex
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In contrast to the case reports cited above, additional 
radiotherapy was performed in the present case before 
surgery. For lower extremities, it is evident that the com-
bination of radiation and NSAID (non-steroidal anti-
inflammatory drugs) should be used for prophylaxis of 
synostotic recurrence [20]. In upper extremity HOs like-
wise, a combined therapy regime has shown to success-
fully prevent synostotic recurrence [18, 32]. HOs around 
the elbow is not suspected to appear later than 3 months 
after the initiating trigger (trauma or surgery) [18, 33]. De 
Carli et al. [16] applied Indomethacin over the period of 
6 weeks postoperatively in their case. Their decision was 
based on the concomitant nonunion of the olecranon 
fracture and the higher risk of non-healing subsequent to 
radiotherapy [16, 34]. After intramedullary repositioning 
of the K wires and excision of HO with osteoperiosteal 
decortication, fracture union was achieved [16]. The 
authors supposed that the malpositioned K wires and 
subsequent RUS might play a role during development 
of the nonunion by allowing rotational movement to the 
fracture site [16]. The present olecranon fracture showed 
bony healing within 6 weeks despite the malpositioned K 
wires and an impingement at the proximal radius, respec-
tively. Therefore, one might speculate that the synostotic 
bone development in the present case was not induced 
due to a mechanical impingement phenomenon resulting 
in loosened K wires and fracture nonunion, but due to 
ongoing soft tissue irritation and periosteal microtrauma 
at the proximal radius. De Carli et al. [16], in their case 
report, also assumed that the HO developed as a result 
of periosteal stimulation following K wire impingement 
during pronation and supination.
To prevent such intraoperative complications and not 
to harm proximate structures, the explicit knowledge 
of the proximal forearm anatomy is required. For TBW, 
current studies recommend to insert the K wires from a 
more lateral entry point into the olecranon tip and aiming 
towards the ulnar midshaft to avoid interference with the 
proximal radial shaft and the proximal radioulnar articu-
lation, respectively [11, 27]. Surgeons have to be aware 
of the normal varus angulation of the proximal ulna not 
to place the pins in direction of the radius and to avoid 
impingement between hardware and radial neck [35, 36]. 
While K wires are inserted, the forearm should be posi-
tioned in supination [11]. Intraoperative fluoroscopic 
examination is essential to recognize implant interfering 
Fig. 3 Dorsoradial approach for revision. Dorsoradial approach (black 
star olecranon tip) in prone position. After subperiosteal en bloc 
detachment of the supinator muscle (white star) from the proxi-
mal ulna (red arrow) the heterotopic bone formation (forceps) was 
exposed
Fig. 4 Unrestricted elbow function 12 months after revision surgery. a Unrestricted pronation and b supination in both arms (left elbow, red stick)
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with the proximal radius. For TBW and for plating of 
olecranon fractures as well, a clear proximal radioul-
nar space (PRUJ, respectively) has to be outlined using 
a slightly oblique a.p. view during operative procedure 
(Fig.  5). In addition, an accurate intraoperative assess-
ment of forearm rotation should be performed to ensure 
free ROM and the absence of noticeable crepitation.
 Impaired rotational movements during rehabilitation 
have led one to think about interfering pins. In case of 
inexplicable discomfort and ongoing pain, further radio-
logical assessment (favored CT scans) is indicated because 
a malpositioning of K wires is often not visible in standard 
X-rays (a.p. and lateral view). To sum up, accurate opera-
tive approach is necessary to avoid such perooperative 
adverse events in olecranon TBW as described above.
In the present case clinical outcome was excellent 
after HO resection with supportive radiotherapy and 
Indomethacin administration. No HO recurrence was 
detected throughout which might confirm the theory 
that the RUS was induced due to periostal K wire scratch-
ing during forearm rotation resulting in local inflam-
matory process but not from postoperative hematoma 
calcification.
Consent
Written informed consent was obtained from the patient 
for publication of this case report and any accompany-
ing images. A copy of the written consent is available for 
review by the Editor-in-Chief of this journal.
Abbreviations
HO: heterotopic ossification; K: Kirschner; PIN: posterior interosseous nerve; 
ROM: range of motion; RUS: radioulnar synostosis; TBW: tension-band wiring.
Authors’ contributions
Guarantors of integrity of entire study, LW, ML, SS; study concepts/design 
LW, ML, SS; data acquisition and/or data analysis/interpretation, LW, GHS, SS; 
manuscript drafting, LW, ML, SS; manuscript revision for important intellectual 
content, all authors; manuscript final version approval, all authors; literature 
research, LW, MC, PB, SS; and manuscript editing, all authors. All authors read 




The authors declare that they have no competing interests.
Received: 24 July 2015   Accepted: 24 August 2015
References
 1. Karlsson MK, Hasserius R, Karlsson C, Besjakov J, Josefsson PO. Fractures of 
the olecranon: a 15- to 25-year followup of 73 patients. Clin Orthop Relat 
Res. 2002;403:205–12.
 2. Rommens PM, Kuchle R, Schneider RU, Reuter M. Olecranon fractures in 
adults: factors influencing outcome. Injury. 2004;35(11):1149–57.
 3. Newman SD, Mauffrey C, Krikler S. Olecranon fractures. Injury. 
2009;40(6):575–81.
 4. Weber BG, Vasey H. Osteosynthesis in Olecranon Fractures. Z Unfallmed 
Berufskr. 1963;56:90–6.
 5. Chalidis BE, Sachinis NC, Samoladas EP, Dimitriou CG, Pournaras JD. Is 
tension band wiring technique the “gold standard” for the treatment of 
olecranon fractures? A long term functional outcome study. J Orthop 
Surg Res. 2008;3:9.
 6. Helm RH, Hornby R, Miller SW. The complications of surgical treatment of 
displaced fractures of the olecranon. Injury. 1987;18(1):48–50.
 7. Macko D, Szabo RM. Complications of tension-band wiring of olecranon 
fractures. J Bone Jt Surg Am. 1985;67(9):1396–401.
 8. Schneider MM, Nowak TE, Bastian L, Katthagen JC, Isenberg J, Rom-
mens PM, et al. Tension band wiring in olecranon fractures: the myth 
of technical simplicity and osteosynthetical perfection. Int Orthop. 
2014;38(4):847–55.
 9. Mueller ME, Allgower M, Schneider R. Manual of internal fixation: tech-
niques recommended by the AO-ASIF group. Berlin: Springer; 1991.
 10. Mullett JH, Shannon F, Noel J, Lawlor G, Lee TC, O’Rourke SK. K-wire 
position in tension band wiring of the olecranon—a comparison of two 
techniques. Injury. 2000;31(6):427–31.
 11. Candal-Couto JJ, Williams JR, Sanderson PL. Impaired forearm rotation 
after tension-band-wiring fixation of olecranon fractures: evaluation of 
the transcortical K-wire technique. J Orthop Trauma. 2005;19(7):480–2.
 12. Lee SH, Han SB, Jeong WK, Park JH, Park SY, Patil S. Ulnar artery pseudoa-
neurysm after tension band wiring of an olecranon fracture resulting 
in Volkmann’s ischemic contracture: a case report. J Shoulder Elb Surg. 
2010;19(2):e6–8.
 13. Parker JR, Conroy J, Campbell DA. Anterior interosseus nerve injury fol-
lowing tension band wiring of the olecranon. Injury. 2005;36(10):1252–3.
Fig. 5 Intraoperative fluoroscopic examination. a TBW after olecra-
non osteotomy for osteosynthesis of distal humeral fracture (left K 
wires are directed ulnarly, right the slight oblique a.p. view verifies 
the free proximal radioulnar space (white arrow); b both views (white 
arrows) demonstrate the free proximal radioulnar space after plating 
of the proximal ulna
Page 6 of 6Willinger et al. Eur J Med Res  (2015) 20:87 
 14. Thumroj E, Jianmongkol S, Thammaroj J. Median nerve palsy 
after operative treatment of olecranon fracture. J Med Assoc Thai. 
2005;88(10):1434–7.
 15. Velkes S, Tytiun Y, Salai M. Proximal radio-ulnar synostosis com-
plicating tension band wiring of the fractured olecranon. Injury. 
2005;36(10):1254–6.
 16. De Carli P, Gallucci GL, Donndorff AG, Boretto JG, Alfie VA. Proximal radio-
ulnar synostosis and nonunion after olecranon fracture tension-band 
wiring: a case report. J Shoulder Elb Surg. 2009;18(3):e40–4.
 17. Adams JE, Steinmann SP. Fractures of the olecranon. In: Morrey BF, editor. 
The Elbow and Its Disorders. Philadelphia: WB Saunders; 2009. p. 389–400.
 18. Hastings H 2nd, Graham TJ. The classification and treatment of 
heterotopic ossification about the elbow and forearm. Hand Clin. 
1994;10(3):417–37.
 19. Popovic M, Agarwal A, Zhang L, Yip C, Kreder HJ, Nousiainen MT, et al. 
Radiotherapy for the prophylaxis of heterotopic ossification: a sys-
tematic review and meta-analysis of published data. Radiother Oncol. 
2014;113(1):10–7.
 20. Board TN, Karva A, Board RE, Gambhir AK, Porter ML. The prophylaxis and 
treatment of heterotopic ossification following lower limb arthroplasty. J 
Bone Jt Surg Br. 2007;89(4):434–40.
 21. Akman S, Erturer RE, Tezer M, Tekesin M, Kuzgun U. Long-term results of 
olecranon fractures treated with tension-band wiring technique. Acta 
Orthop Traumatol Turc. 2002;36(5):401–7.
 22. Flinterman HJ, Doornberg JN, Guitton TG, Ring D, Goslings JC, Kloen P. 
Long-term outcome of displaced, transverse, noncomminuted olecranon 
fractures. Clin Orthop Relat Res. 2014;472(6):1955–61.
 23. Lindenhovius AL, Brouwer KM, Doornberg JN, Ring DC, Kloen P. Long-
term outcome of operatively treated fracture-dislocations of the olecra-
non. J Orthop Trauma. 2008;22(5):325–31.
 24. Tarallo L, Mugnai R, Adani R, Capra F, Zambianchi F, Catani F. Simple 
and comminuted displaced olecranon fractures: a clinical comparison 
between tension band wiring and plate fixation techniques. Arch Orthop 
Trauma Surg. 2014;134(8):1107–14.
 25. van der Linden SC, van Kampen A, Jaarsma RL. K-wire position in tension-
band wiring technique affects stability of wires and long-term outcome 
in surgical treatment of olecranon fractures. J Shoulder Elb Surg. 
2012;21(3):405–11.
 26. Romero JM, Miran A, Jensen CH. Complications and re-operation 
rate after tension-band wiring of olecranon fractures. J Orthop Sci. 
2000;5(4):318–20.
 27. Matthews F, Trentz O, Jacob AL, Kikinis R, Jupiter JB, Messmer P. Protrusion 
of hardware impairs forearm rotation after olecranon fixation. A report of 
two cases. J Bone Jt Surg Am. 2007;89(3):638–42.
 28. Failla JM, Amadio PC, Morrey BF. Post-traumatic proximal radio-
ulnar synostosis. Results of surgical treatment. J Bone Jt Surg Am. 
1989;71(8):1208–13.
 29. Finsen V, Lingaas PS, Storro S. AO tension-band osteosynthesis of dis-
placed olecranon fractures. Orthopedics. 2000;23(10):1069–72.
 30. Sawyer JR, Myers MA, Rosier RN, Puzas JE. Heterotopic ossification: clinical 
and cellular aspects. Calcif Tissue Int. 1991;49(3):208–15.
 31. Foruria AM, Augustin S, Morrey BF, Sanchez-Sotelo J. Heterotopic ossifica-
tion after surgery for fractures and fracture-dislocations involving the 
proximal aspect of the radius or ulna. J Bone Jt Surg Am. 2013;95(10):e66.
 32. Beingessner DM, Patterson SD, King GJ. Early excision of heterotopic 
bone in the forearm. J Hand Surg Am. 2000;25(3):483–8.
 33. Garland DE. A clinical perspective on common forms of acquired hetero-
topic ossification. Clin Orthop Relat Res. 1991;263:13–29.
 34. Hamid N, Ashraf N, Bosse MJ, Connor PM, Kellam JF, Sims SH, et al. 
Radiation therapy for heterotopic ossification prophylaxis acutely after 
elbow trauma: a prospective randomized study. J Bone Jt Surg Am. 
2010;92(11):2032–8.
 35. Beser CG, Demiryurek D, Ozsoy H, Ercakmak B, Hayran M, Kizilay 
O, et al. Redefining the proximal ulna anatomy. Surg Radiol Anat. 
2014;36(10):1023–31.
 36. Wang AA, Mara M, Hutchinson DT. The proximal ulna: an anatomic study 
with relevance to olecranon osteotomy and fracture fixation. J Shoulder 
Elb Surg. 2003;12(3):293–6.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
